Rubus spp. (Rosaceae) provide extracts used in traditional medicine as antimicrobial, anticonvulsant, muscle relaxant and radical scavenging agents. Resistance to antibiotics used to treat Helicobacter pylori infection as well as their poor availability in developing countries prompted us to test the antimicrobial activity of Rubus ulmifolius leaves and isolated polyphenols against two H. pylori strains with different virulence (CagA + strain 10K and CagAstrain G21). The antioxidant activity (TEAC values) of the tested compounds ranged from 4.88 (gallic acid) to 1.60 (kaempferol), whilst the leaf extract gave a value of 0.12. All the isolated polyphenols as well as the leaf extract showed antibacterial activity against both of the H. pylori strains. The minimum bactericidal concentrations (MBCs) of the extract for H. pylori strains G21 and 10K, respectively, were 1200 g/mL and 1500 g/mL after 24 h of exposure and 134 g/mL and 270 g/mL after 48 h exposure. Ellagic acid showed very low MBC values towards both of the H. pylori strains after 48 h (2 g/mL and 10 g/mL for strains G21 and 10K, respectively) and kaempferol toward G21 strain (MBC = 6 g/mL). A relationship between antimicrobial activity and antioxidant capacity was found only for H. pylori strain G21 CagAstrain.
Introduction
The bacterium Helicobacter pylori infects ca. 30% of the population in the Western world and ca. 80% of the population in many developing countries [1, 2] . Helicobacter pylori is associated with severe pathologies, including peptic ulcer and gastric cancer [3] [4] [5] [6] . The observation that only a subset of infected individuals develop severe gastroduodenal diseases may in part depend on the virulence of the infecting organism. Strains that possess the chromosomal insertion cag are endowed with an increased inflammatory potential [6] [7] [8] . cag-positive clones secrete a highly immunogenic protein called CagA that is linked to the development of premalignant and malignant histological lesions.
Susceptibility of CagA-positive (CagA + ) H. pylori strains to antibiotics is noteworthy because the related infections significantly increase the risk for severe gastric pathologies [6] .
Treatment of H. pylori infection consists of two antibiotics and a proton pump inhibitor.
However, this is often accompanied by side effects and the selection of strains resistant to antibiotics. Thus, considerable interest has been focused on alternative/adjuvant approaches such as the use of biologically active compounds, including antioxidants from plants [9] . Several studies demonstrated the inhibitory effects on bacteria of a wide range of fruits, vegetables and their derivatives, such as berries [10] , garlic [11] [12] [13] , onion [14] , kiwi [15] , citrus [16] and wine [17] , as well as plant extracts [18] and spices, in particular essential oils [19] , cinnamon [20] , thyme [21] , propolis [22] , liquorice [23] , red paprika [24] , tea [25] and rice [26] . In addition, further studies on the antimicrobial properties of compounds isolated from plant sources, such as resveratrol [27, 28] , allixin A c c e p t e d M a n u s c r i p t 5 [11] , vitamin C [29] , -carotene and -tocopherol [9, 30] and garcinol [31, 32] , have given significant information about the existence of potential synergisms among different constituents [33] .
Rubus ulmifolius is a perennial plant that grows in Italy in forest borders from sea level up to 1100 m above sea level [34] . Rubus spp. have been used in traditional medicine for their beneficial effects [35] [36] [37] [38] [39] . Blackberry leaves have been used for their antiinflammatory, antiviral and antimicrobial properties [40] as well as their antiproliferative activity against cancer cells [41] [42] [43] [44] . Recent studies have focused on the identification of the phenolic components of Rubus leaves as well as determination of their antioxidant activity [45] .
In the present work, the polyphenolic components of R. ulmifolius leaves were identified and quantified and the radical scavenging activity of leaf extracts was then investigated.
Rubus ulmifolius leaves and its main constituents were also tested for their antibacterial activity against H. pylori strains with various expression of virulence (CagA + and CagAstrains). To the best of our knowledge, the present study is the first to show a specific anti-H. pylori activity of R. ulmifolius extract. 
Leaf phenolic extract
Powdered lyophilised leaves (300 mg) were extracted in 10  3 mL of CH 3 COOCH 2 CH 3 and subsequently in 10  3 mL of CH 3 OH. After each extraction, the sample was placed in an ultrasound bath for 10 min (Bandelin Sonorex, Berlin, Germany) at a temperature >20 C, subject to vortex for 2 min (Velp Steroglass, Perugia, Italy) and then centrifuged for 10 min at 3000 rpm (4226 Centrifuge; Prokeme, Firenze, Italy). The extract was dried with a rotating evaporator (Rotavapor ® R-114; Büchi, Postfach, Switzerland) at room temperature. CH 3 COOCH 2 CH 3 /C 6 H 12 (1:0.6) was then added and the mixture was kept in the dark overnight. The brown precipitate was separated from the solution by centrifugation. Then, 10 mL of CH 3 OH was added and the mixture was filtered before high-performance liquid chromatography (HPLC) injection.
HPLC analysis
Analysis of flavonoids, ellagic acid and phenolic acids was carried out on a Perkin-Elmer HPLC Series 200 system (Waltham, MA) equipped with a UV/VIS LC295 detector.
Chromatograms were acquired and processed using TotalChrom software ver. 6.2.1.
The column was a C18 Gemini 110 A 150  4 mm, 3 m particle size (Phenomenex, Chemteck Analitica, Milan, Italy). The mobile phase was composed of solvent A (water/phosphoric acid 1%, pH 2.5), solvent B (acetonitrile) and solvent C (isopropanol).
The linear gradient elution programme was as follows: 0.1 min, 95% A and 5% C; 75 min, 87% A, 3% B and 10% C; 18 min, 87% A, 3% B and 10% C; 15 min, 80% A, 10% B and 10% C; 8 min, 80% A, 10% B and 10% C; 10 min, 65% A, 25% B and 10% C; 10 min, 65% A, 25% B and 10% C; and 5 min, 50% A, 40% B and 10% C. M a n u s c r i p t 8 The flux rate was maintained at a constant value of 0.7 mL/min. The injection loop volume was 6 L and the injection volume was 25 L.
Identification and quantification of individual polyphenols, phenolic acids and ellagic acid
Identification of single compounds was carried out using the standard addition procedure. Quantification of flavonoids, phenolic acids and ellagic acid was performed by HPLC using six-point regression curves in the range 0.20-30 g/mL on the basis of standards. Flavonoids and ellagic acid were determined at 254 nm; phenolic acids were monitored at 311 nm. To verify the reproducibility of the extraction method, three daily extractions for 5 days from a single sample were performed. The coefficient of variation of peak areas was always <10%.
Electrospray ionisation-mass spectrometry (ESI-MS) analysis
Characterisation of Rubus leaf extract was carried out by direct inlet flow using a LTQ ion trap mass spectrometer equipped with an ESI ion source (Thermo Finnigan, Rodano (MI), Italy), in negative ion mode. 
Determination of antioxidant capacity
The antioxidant activity of isolated compounds and the extract was determined by the ABTS radical decolourisation assay [34, 46] . The technique for the generation of ABTS radical (ABTS •+ ) involves the direct production of the blue/green ABTS •+ chromophore through the reaction between potassium persulphate and ABTS. The methodology evaluates the decrease in radical ABTS •+ absorbance at 751 nm in the presence of antioxidant species. The results were expressed as radical scavenging activity with respect to Trolox TM [(6-hydroxy-2,5,7,8-tetramethylchromon)-2-carboxylic acid] using the methodology described by Obòn et al. (TEAC) [47] where the TEAC values were defined as the ratios between the slopes of the straight lines, where %I (percentage of inhibition) vs. concentration of samples and Trolox TM [47] was plotted.
The ABTS •+ solution was diluted with ethanol to an absorbance of 0.70 ± 0.02 at 751 nm. Increasing amounts of filtered samples were added to the hydroalcoholic solution of ABTS •+ , vortexed for 30 s and the absorbance at 751 nm was read after 10 min. M a n u s c r i p t 10 
Determination of minimum bactericidal concentrations (MBCs)
Two H. pylori strains were used to test the antibacterial activity of R. ulmifolius leaf extract and the isolated compounds. The CagA -G21 strain was isolated from a dyspeptic patient with non-active, non-atrophic, moderate chronic gastritis. The CagA + 10K strain was isolated from a patient with gastric carcinoma of diffuse histotype. Strain 10K was cytotoxic as it induced a vacuolating cytopathic effect on cells in culture. Strain G21 was not cytotoxic. The VacA subtype of both strains was s1/m1. Following overnight incubation (24 h) in microaerobic conditions at 37 C, 3 L of each dilution was deposited onto Columbia blood agar plates, which were incubated at 37 C in the same atmosphere for 3-5 days. Cell exposure to biocides was continued for an additional day. These 48 h samples (3 L) were deposited on plates, which were also incubated for 3-5 days. The lowest concentration in broth whose subculture on agar showed complete absence of growth was considered the MBC. M a n u s c r i p t 11 
Rubus ulmifolius leaf extract and the isolated compounds were dissolved in

Alignment of H + ,K + -ATPase amino acid sequence with those of ionic pumps of Helicobacter pylori J99
The purpose of this test was to determine the target of the antimicrobial activity of R. ulmifolius and its extract. Certain phenolic antioxidants were shown to inhibit the gastric proton pump. Since R. ulmifolius extracts are mostly polyphenolic in nature, we compared the amino acid sequence of the human H + ,K + -ATPase with that of bacterial ionic pumps. Should a homology exist, then it is likely that the bacterial targets of the substances assayed would comprise H. pylori ionic pump(s). This test was performed by 'blasting' the N-acid sequences of human H + ,K + -ATPase with the sequences of ATPases encoded by H. pylori strain J99, whose nucleotide sequence is available at the National Center for Biotechnology Information website (http://www.ncbi.nlm.nih.gov/sites/entrez?db=protein&cmd=search&term=).
Results
HPLC and ESI-MS analysis
To identify its main components, the extract of blackberry leaves was compared with a mixture of standards of gallic acid, caffeic acid, ferulic acid, ellagic acid, rutin, quercetin 3-O--D-glucopyranoside, quercetin and kaempferol by HPLC and ESI-MS analysis (Table 1) . Blackberry leaf compounds were identified according to their retention times and absorbance spectra ( Fig. 1 ). M a n u s c r i p t 12 ESI-MS analysis was utilised to confirm the presence of the identified compounds by comparison with standard solutions and by matching their molecular and fragmentation ions with literature data [48] [49] [50] [51] [52] [53] . Identification of most compounds was achieved by MS 2 and MS 3 analysis. A spectrum of leaf extract obtained in negative detection is shown in Tomczyl [54] , who investigated the content of blackberry leaves belonging to different species of Rubus, not including R. ulmifolius. In particular, the content of quercetin, ellagic acid and kaempferol found in the present work was much higher than that found in other studies on strawberry, raspberry and blueberry leaves [54] .
Antioxidant activity
The antioxidant capacity of the whole extract of blackberry leaves and of some of its components was evaluated by determining the radical scavenging capacity with respect to Trolox TM (TEAC values) ( Table 3 ; Fig. 3 ). The antioxidant activity ranged from 4.9 (gallic acid) to 1.6 (kaempferol). It can be noted that the glucosylated compounds (rutin and quercetin 3-O--D-glucopyranoside) showed lower TEACs with respect to their related free form (quercetin). These results suggest that the antioxidant capacity of blackberry leaf extract was mainly due to ellagic acid that is present in high concentrations and has elevated TEAC values. Gallic acid showed higher TEACs, but was present in a much lower concentration in the sample. M a n u s c r i p t 15 Table 4 reports the inhibition percentages calculated for each compound, i.e. the percentage of inhibition towards ABTS absorbance at the concentrations determined by HPLC. These results show that the contribution of the identified compounds to the total inhibition of ABTS was ca. 58% of the total scavenging capacity. Among the isolated compounds, ellagic acid, gallic acid and quercetin had MBC values <200 g/mL against G21 both after 24 h and 48 h (Fig. 4A,C) . In particular, after 48 h ellagic acid showed very low MBC values towards both H. pylori strains (2 g/mL and 10 g/mL for strains G21 and 10K, respectively) and kaempferol toward G21 strain (6 g/mL). h. An interesting and unique behaviour can be observed against 10K. After 24 h, only a M a n u s c r i p t 16 partial antimicrobial activity was observed at concentration of 130 g/mL, whilst after 48 h of incubation at the same concentration the antimicrobial activity was complete. where a decrease in MBC values with increasing antioxidant capacity of the tested samples was observed. Nevertheless, it can be noted that kaempferol showed a lower MBC than expected from its TEAC value. These results suggest that the anti-H. pylori activity exerted by these substances may contribute to the antioxidant capacity. It seems, in addition, that the antibacterial effects are related to different biological properties (cell targets) that are specific for each compound.
Anti-Helicobacter pylori activity
Relationship between antioxidant and anti-Helicobacter pylori activities
Alignments
We found strong homologies with the product of the H. pylori gene 889106 copA, a copper-transporting P-type ATPase (E = 4  10 -10 ), and other ionic pumps (Table 5a ).
Homologous tracts of the gastric proton pump spanned two large segments of the entire bacterial copper-transporting ATPase. The two sections that aligned were 28% and 21% identical and 52% and 42% similar (Table 5b) . Similarity refers to identical plus chemically similar amino acids.
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Discussion
Plant extracts constitute important sources of biologically active compounds that may show significant antimicrobial properties. In this work, R. ulmifolius, its isolated polyphenols and the extract demonstrated antibacterial activity against two H. pylori strains. MBC values differ with regard to the tested samples ( Fig. 6A ) and the strains tested at different exposure times (Fig. 6B) . The results obtained after 48 h of exposure show a general increase in antibacterial activity against both of the H. pylori strains. In particular, the extract appears to be much less effective after 24 h of exposure than the isolated compounds. This behaviour, which is more evident after 24 h of incubation, may be explained considering the low concentration of the single compounds in the extract and the presence of other constituents that may lack antibacterial activity.
The isolated rutin (quercetin-3-rutinoside), which is known to possess antimicrobial activity against some Gram-positive and Gram-negative bacteria [55, 56] , was the only polyphenol tested that showed an anti-Helicobacter activity against the more virulent CagA + 10K strain which was stronger than that exhibited against the CagA -G21 strain after 48h of exposure. This time-dependent behaviour suggests that such a compound may need longer times to saturate the target sites of the CagA + strains, i.e. a low affinity for the cell targets.
Ellagic acid, which kills H. pylori by inhibiting arylamine N-acetyltransferase activity [57] , showed the lowest MBC values for both the H. pylori strains after 48 h of exposure. This result suggests that ellagic acid is an effective anti-H. pylori agent that could be used, Kaempferol was found to induce a significant decrease in the number of colonies of H. pylori in gerbils' stomachs after oral treatment [58] . Our data indicate that kaempferol, being active only against G21 strain after 48 h, shows a time-dependent antibacterial action, specific for CagAstrains, which are mostly associated with chronic gastritis only.
A time-dependent antibacterial behaviour has been observed also for blackberry leaf extract ( Fig. 6) , since MBC values for both the strains after 48 h are approximately onefifth of those observed after 24 h of exposure.
The target of the antibacterial activity of these substances has yet to be discovered. A recent study has shown that the phenolic antioxidants of Curcuma amada (popularly known as mango ginger), which possesses antioxidative and antimicrobial properties against H. pylori, were capable of inhibiting the human gastric H + ,K + -ATPase activity that is responsible for acid secretion [59] .
We hypothesise that the target of the antibacterial action of R. ulmifolius and its extracts, which are polyphenols, could be one or more bacterial ion pumps. To support such a conjecture, we compared the structure of the gastric proton pump with those of H. pylori ion pumps and found significant linear homologies, suggesting that blackberry polyphenols kill H. pylori because they inactivate its ion pumps, i.e. enzymes that regulate the flux of copper and metal cations through membranes.
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A c c e p t e d M a n u s c r i p t 19 The different susceptibility to the blackberry leaf components of strains G21 and 10K deserves some comments. It is known that H. pylori infection is associated with increased production of reactive oxygen species (ROS) in the gastric mucosa. ROS may partially account for the ability of H. pylori to induce mucosal damage, which, in the long run, may lead to gastric cancer through the intermediate steps of atrophic gastritis and intestinal metaplasia. The capacity to promote oxidative stress appears to be especially related to the CagA + status, which is consistent with the notion that CagA + H. pylori strains are responsible for more severe gastric inflammation and higher gastric cancer risk [60, 61] . Another explanation that could account for the different susceptibility of the two strains could be the different growth rates of the organisms tested, which may influence the MBC results. We have observed that strain G21 reached a stationary growth phase earlier than strain 10K. However, starting from the same inoculum, the number of CFU of both strains was the same after 3 days of incubation. We therefore believe that the growth characteristics of both strains had little, if any, effect on the susceptibility test results.
The observation that the strain harbouring cagA, i.e. 10K, was less susceptible to the substances tested cannot be transferred simply to all cagA + organisms because the various clinical isolates are very heterogeneous from a genomic point of view. However, cagA is also a marker for the presence of pathogenicity island (PAI) in the bacterial chromosome, an insertion that encompasses ca. 30 genes involved in virulence. The cag PAI genes encode substances involved in the inflammatory response and the trafficking of bacterial proteins within eukaryotic cells [6] . We assume that strains M a n u s c r i p t M a n u s c r i p t 1 
